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The derivation of the HEL mutants and references for the affinity determinations for wild-type lysozymes are provided in Batista and Neuberger (1998) and the Experimental Procedures. The mutations described that diminish HyHEL10 binding have no effect on the affinity for F10. The K A values for the different peptides/3-83 antibody were determined using the Biacore as described in the Experimental Procedures; repeat estimates were within 20% except for the p5, owing to its low affinity. Due to the way in which the affinity measurements were performed in the case of 3.83, the values derived represent the affinity of the dimeric antibody for the peptide. In the case of HyHEL10, they account for the monomeric interaction of this antibody for the lysozymes. Figure 3E , when MD4 B cells were settled onto these bilayers, the distribution of ICAM-1 and antigen into pSMAC and cSMAC was preserved independently of the strength of BCR/antigen interaction. Quantitative analysis revealed that similar quantities of ICAM-1 were recruited in all cases. In contrast, the amount of antigen gathered was dependent on its density and BCR affinity ( Figure 3F ). Similar results were obtained when D.13, a monoclonal antibody with a substantially lower affinity for the lysozymes, was used as a tethering bridge (Supplemental Movie S4B), indicating that high-affinity tethering is not essential for the formation of a mature synapse. Our findings show that, for a B cell to form a mature synapse, the BCR needs to recognize antigen with an affinity higher than 10 6 M Ϫ1 , but only if the latter is present at a high enough density. Thus, the amount of antigen gathered depends on its density and affinity for the BCR. However, the amount of ICAM-1 recruited and its segregation into a peripheral ring are independent of the the ability of naive B cells to attach to membranes in the presence or absence of antigen and/or ICAM-1. As judged by IRM, at high densities of p31, 100% of 3.83 synapse formation, we initially exploited a set of previously characterized peptides (p31, p11, p5, plus null B cells formed tight contacts, regardless of whether ICAM-1 was included in the bilayers. However, if the peptide, p0, as a control), which bind the 3-83 BCR with decreasing affinities (Table 1) . The pattern and level of density of p31 was decreased, tight contacts with the target membrane were only observed in the presence antigen and ICAM-1 accumulation were evaluated. The p0, null peptide, did not induce any B cell interaction or of ICAM-1 ( Figure 4A ). In the absence of antigen, less than 10% of the B cells attached to the bilayers, indicat-ICAM-1 accumulation, even at high densities ( Figure  3C ). In contrast, p11 and p5 peptides with a reduced ing that BCR engagement was essential to trigger adhesion to ICAM-1. Quantitative examination of the freaffinity for 3-83 BCR (Table 1) 4. This analysis revealed that, in the presence of ICAM-1, less antigen is needed to form a tight contact. However, in the case of p31. However, the amount of antigen gathered was dependent on both the density and its it was noticeable that this capacity of ICAM-1 to increase B cell adhesion was substantially higher when the antiaffinity for the BCR. In the case of the low-affinity peptide, p5, mature synapses were observed with a very gens encountered in the bilayers were of medium or low affinity. In these cases a 10-fold reduction in the amount low frequency and only with extremely high densities of this peptide on the membrane (Figures 3C and 3D range of antigen affinity and density where contact forreduced capacity both to form tight contacts and to establish a synapse in the presence of ICAM-1, thus mation was ICAM-1 dependent. In the range of densities analyzed, a well-formed immunological synapse was confirming that the direct interaction of LFA-1 with ICAM-1 is responsible for promoting these two events observed whenever contacts were made, and no antigen accumulation was detected in the absence of contact ( Figures 4C and 5B ). formation as detected by IRM ( Figure 5A to 10 11 M Ϫ1 ), the compartmentalization of BCR and LFA-1 into cSMAC and pSMAC, respectively, was preserved. When the affinity of the BCR/antigen interaction was decreased, the density of antigen required for synapse formation was increased. Thus, the critical parameter is related to the total avidity of a B cell to a target membrane. However, if the affinity of the BCR for antigen was below 10 6 M Ϫ1 , we were unable to induce a synapse formation or show any signs of ICAM-1 aggregation, pointing toward an affinity threshold at which increasing density can no longer compensate. Once the affinity and density thresholds are exceeded, the amount of ICAM-1 that is recruited to the pSMAC is constant.
The formation of the immunological synapse has been modeled as a biophysical process dependent on the specific kinetic parameters of ligand binding by TCR and integrins, receptor mobility, and the mechanical properties of the membranes in which the molecules reside (Qi et al., 2001 ). This model is able to successfully predict the stages of immunological synapse formation observed experimentally. However, this model is mainly 
